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STJMMAHY OF 3™boLS USED
Primary Symbols
d - distance from ion to charge Increment
E - field strength
f " friction factor
g - acceleration due to gravity
h - transport distance
I - charging current
k - ion mobility
1 - distance from ion to charge increment
p - gas pressure
P - power required to force ras throup-h system
q - charge density per unit length of tube
Q - volume rate of flow
r - radius of ionized gas stream
R - radius of tube
u - velocity of ion
V - velocity of gas
V - voltage on collecting electrode
X - distance down tube
- gas density
Subscripts
1, 2, 3 - indicate particular values
opt - optimum
r - in radial direction
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This paper examines the possibilities of using ions
in a flowing gaseous mediura for charj/ing electrostatic
generators of the Van de Graaff type. Within the limits
of the experiments made, it is concluded that this charging
system could be used profitably to replace the conventional
belt in certain cases, P'or low voltage, high current re-
quirements where a long service-free life is desired, the




Electrostatic generator's, primarily of the Van de
Graaff type, have assumed a position of some importance
in nuclear physics and x-ray technology in recent years,
primarily because they offer a means of generating high
electric potentials that can be controlled very precisely
(1, p, ll.|.17). In the conventional type, the charge is
sprayed (usually by corona discharge from needle points)
onto a moving endless belt. This belt conveys the charge
into the interior of a hollow electrode. There the charge
is removed by a fine wire or set of needle points.
One of the limitations of the Van de Graaff generator
is that it is capable of producing only small currents.
Wide belts and fast speeds are necessary to produce
charging currents of the order of one milliampere (2).
These hig^ speeds cause considerable mechanical diffi-
culty.
As the result of the above, it seems fair to ask
whether or not other means may exist for conveying the
charge, and whether such means might possess greater charge
carrying ability or greater mechanical simplicity. At
least a partial answer to this question will be attempted
in this paper.
-.d..
REVIEW OF TrIE LITERATURE
The greater part of the i)ublished v/ork in the field
has been done by M, Pauthenier and his associates in
France, The use of gaseous ions (3), charged droplets
(Ij.), and dust particles (5) have been the subject of either
theoretical or experimental study or both.
Since the charging ions in practically all large
electrostatic generators originate in a brush discharge
in a gas, it would seem, on first exariiination at least,
that the most elegant method for charging the collector
would be to form the ions in a moving gas stream. The
ions would then be conveyed from source to collector by
the gas stream itself. This method has been studied
previously by Mme, lloreau-Kanot (3), A theoretical ex-
pression is presented for the relationship between charge
transported, transport distance, radius of the stream,





r = radius of ionized gas stream
I = current contained within stream of radius r
k = ion mobility

h = transoort distance
u = ion velocity parallel to axis of tube.
Assumptions and derivation were not given by Moreau-
Hanot, but a derivation leading to a similar result is
developed under the section entitled, "Analysis of the
Problem",
Moreau-Hanot obtained the following experimental
results, reproduced below in entirety, (3, p. II69),
Table 1











1 2.5 12.5 3i^ 1 1
2 2.5 7.5 ih 1.7 2.2
3 2 8 65 3.6
i.ik 2 8 90 6.8
$ 2 8 122 \z.h 8,8
6 2 ^ 95 2.6 1.6
7 2 2U 122 h.\ 2.2
It was concluded that the high mobility of the ions
would prevent an adequate charging current from being
carried the distance dictated by the insulation require-
ments of the high voltage electrode. Efforts to reduce
the carrier mobilities, by using vapors, aerosols, and dust
particles, have culminated in the design and ccnstmiction
of a number of generators using dust (5)»
• e
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ANALYSIS OF TIIE PROBLEM
The preceding exanlnation of the literature soerrxS
to indicate that the high mobility of gaseous ions renders
impractical the use of an ionized gas streain as a charge
carrier. The conclusions of the French investigators sjem
to be based, however, on the assumption that a large trans-
port distajicQ will be required. This condition follovjs
from the prerilse that the high voltage electrode will be
insulated b^ air at normal atmospheric pressure. The de-
velopment of electrostatic generators insulated by gases
such as SF^j at high pressure (6) brings about a drastic
reduction in the distance the charge must be transported.
Simultaneously, the use of gas of high density as the
charge carrier causes a reduction in the ion mobility.
These two facts indicated that a re-examination of the
possibility of using ions in a flowing gas stream might
lead to more favorable results. Tests on methyl metha-
crylate (6) have indicated that a dielectric strength of
,88 MV/inch can be developed with 1-|- inch samples, SP/
under pressiire may develop even grejater dielectric
strength. The minimim transport distance will then be a
function of the dielectric strength of the tube used to
carry the gas stream. Apparently, a transport distance
oi, * -^ .- -w
>0
of less than two inches v/ould be required for a one million
volt generator.
All experimental evidence on the mobility of positive
ions, which are of primary interest here, indicatrs that
the mobility varies inversely with the density over a wide
range of pressures (7, p. 126), Since our analysis indi-
cates that the current transported a given distance should
vary inversely with the mobility, it should vary directly
with the density in a given gas.
The current that can be transported a fixed distance
in a certain size tube, by a stream of air at atmospheric
pressure, could perhaps be considerable increased by using
a heavy gas at high pressure. Pressures of 20 atm, using
sulfur hexafluoride, the molecular weight of which is ll{.6,
would therefore be expected to increase the current ob-
tainable xijith air at one atmosphere by a factor of
20 X -^ = 100, This assumes, in the absence of experi-
mental data, that the mobility is inversely proportional
to the molecular weight. That this assumption is rea-
sonable may be shown by comparing the mobilities of air
ions with CO2 and SOp as shovm in Table 2,
All gases do not follow this relationship, however,
so that experimental data is needed on the mobility of SF^
ions. The above observed values will be used in subse-

Table 2
Mobilities of Positive Ions in Molecules
of the Same Gas
Gas K . M ./n K (7, P. 126)






Extrapolating the data from Run (2) of Moreau-Kanot's
to a shorter distance of 2 inches by means of the formula
presented would give a charging current of about 3 S-.
If this could then be increased by a factor of 100 by
increasing the gas density, we could expect to obtain a
current of about 300 a, in a device using an ion stream
about 2 inches in diameter, moving at a velocity of about
100 ft. /sec.
That the above current can be obtained viith a rea-
sonable power expenditure may be shox^yn readily. The power
expended in overcoming the i'rictional pressure drop ^^rill
be as follows:
P = qAp ,
where is the volume flow rate of the gas and A p is the
pressure drop
AP = f ^^ ,D 2g '
A
where f Is a friction factor, is the ras density, h is the
path length, D is the stre.an diameter, v is the gas velocity
and g is the acceleration of gravity. With a high voltage
on the collector
V = u + kE^ ,
If the axial electric field (E ) is substantially unl-
form, we can say
V = u I k„ Y • f
where V is the potential of the collector, k^ is a reference
mobility, is a reference density, and O is the operating
density. We will assume a total circuit length equivalent
to fifteen times the transport distance. Using a voltage
of 1 MV, a distance of 2 inches, an ion velocity of 100
ft, /sec,, and a density ration of 100 compared to air at
standard conditions, and using the corresponding ion
mobility, we get
V = 100 +








^ ^% = k ft.Vsoc,
II4J1 X i}.
Taking f = ,01 for smooth pipe.
o 1%2p = ,01 X .07 X 100 X ^ X ^A- X 1$




P = 2220 ft. lbs. /sec. = h,0^. horsepower.
This is the -povGr expended in forcing the gas throuf3h the
charging: circuit. If we assume that the blower efficiency
will be 50^* the driving motor must be of 8.1 horsepower.
This compares with the 10 horsepower iriotor used to drive
the belt in the generator of reference (1) and the 2
horsepower used in the generator of reference (6),
It should be noted that the particular combination
of gas velocity and tube diameter v/as chosen to fit ex-
isting experimental data, and does not necessarily repre-
sent the optimum choice for minimum power.
We can conclude that if the expression
I = £!£
which has formed the basis for the above calculations,
holds over a wide range of the variables, the transport
of gaseous ions by a flowing stream may be a useful method
for charging electrostatic generators.
Since the formula was presented without derivation,
we have no a priori knowledge of any assumptions made that
might limit the validity of the relation. We will
therefore attempt a derivation here.
We will make the following initial assumptions: The
gas moves down the tube vjith a constant velocity which is
i ».'JL v'l
non-t-upbulent and uniform over the cross section. There
is no field present except that due to the ions themselves.
All ions originate at a needle point located at point "O"
(Figure 1), These ions will remain within a surface of
revolution "S" which is defined by the trajectory of the
outemiost ion.
The ions downstream from any station "x-j_" will tend
to increase or decrease the field component "E -",
depending on whether they are located at a radius lesser
or greater than r^ . VJe will assume the ion distribution











Using notation previously defined, or as given by
Figure 1, ue have. Coulomb »s Law,
dE, = a|x . £1
1"^ 1




u^ = v-lcE^ •
We will now assume that the net effect of kE^^ to be small
compared with v so that u^^ = v = const. The above integral
then becomes j/
g - i*tI f dx
^1^. -T- I l3
but
1 = [(x^ - x)^ f r^i^^J = [x^ - 2xix 4 (x^^ ^ p^2)j *^
therefore.
E = iii r' ^
^'
^ J.p. 2x,x+ (x-,2 4 r,2)] V2
(x - xn ) rnl1' ^1-
T















Slmpiifylrig »ad drappini^ tii© aubacripta,
^
r p pTt
i'iow, from ©l«m«iit«irj co^Tisideretlcma,
'/''•r = / Vj, dt find ^ * dt
S\ib3tltutine for dt w@ hawi
=/
Inserting the previously developed ©xpraaslon for Ej,,
]<i f X dx
Dirrareutiafciag,
dp « kl
dx " ;? r [r2 f x2] *
'ihia #Qii«,tioci ia aot rsiadily itittjgrabi®, but if r is small
3.
r^ f X J " s X, we c&a Integrate aad obtain
or








Kxc®pt Tor a coaatant f&etor of i?, tain ^xpresaior is th©
saae us that of Mor«au»Hsaot« ih® differeac©, though not
explained, is not iiiportisnt in th© subsequent discusaion.
In the ©»»®a in which we will b© int©raat«a, r will
not always be aiaiill compared t,o x. Cert&ialy n will b©
L
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of th« 0Am« order aa h. If not grwtw. If x la Br«»H
compared to r, m can iategr^^te tso obtain
3 kJt^




DepondlAg on th€. relative magnitude* ©f h and R, we would
•xp«ct the variatio.1 of current to be somewhere in between




In view of ta& aimpXlcity k.nd pot«ntial uaefulneaa
of the gaseous ion ch&rglng syst«ia« and the smAil amount
of work done on this sa^tuod^ it was decided to confine
the experimentaX program to this method.
Objectives
Since the validity of th© current and power estimates
of the foregoing enelysis depends entirely on the theo-
reticiitX relationship given by Horeau-Henot, it would appear
desirable to check this forrsuXa ^xporimentaXly*
Limitations on time and equipment fireveated full
scale tests of all variables involved. Objectives were
iijaited to tii'i foiiowlng:
(1) uoteriRLiiiatlon of variation of ion current with
gas deiisityf wich tra.a8port distifc^acey and with j^^aa ve-
locity,
(2) Determination of the ffect of ionising conditions
and turbulence on currtsnt transported,
Apparatas
Detsign of the apparatus, as well t^s scope of the in-
vestigation, was tailored to fit availability of najor

in
09m9ommAtBm Th« prlnclpMl requirement was for a roason-
ably large volume flow of gas at praasares controliebla
I'roai ono to sejvaral ttmoapuerea.
this raquirement lad to tha saXaotloa of &. cloadd
circuit »jfst'®fa. in such e s^atevii, only the frictional
prassartt loss need b© overcotae b/ the power Input.
Iha asaential elameats of ti^«e aystam are sinowa in
Figure Z» A bloM©r (a) foreas gfaa tiirough &a ioniser (b)
down an insulating, tube {c)» fha gas then enters a long
conducting tube (d) and finally returna to the blower
inlet through an lasalBtin^', hose aad a vaive, (©) und (f),
Ihe Ioniser coasii^sba of a newdla pieced at the center
of a conducting cylinder, ihe neadio is coaa*JCted to a
tpanaformer-reetifier-doubler circuit i#hich is oaLpakble of
•upplylng a voltage vfeirlabie from to 30,000 volts.
the ion current reaching the collector vas meaaured
by paasiafj: it to ground through a vacuum tube volUiaet^r
havini.5 an input realstance of IJ4. megohma.
fhe total ionizing current paaalng from needle to
cylinder wci^a meaaured by meana of a slnilarly arranged
vacuum tub© voltmeter iiaving an input roslatance of
11 megohms.
Gbs velocity wa« awixaured by a pitot-static arrange-











Absolute ga« pressur* was m«A8ured by a airrjple
Bo-urdori tube pr©a»urO' gag««
Gaa temperstur© waa datertalnod b/ an iron-constantr.a
thermocouple in th4» gas stream* The iacllcator used vaa a
Brown "biectrotiik" snjir-bttiancliig poteatlomoter iiiivlng a
full scale sensitivity of 1*1 !Qiiiivolts,
Ih© blower was a Model I4.0 Diirco ce>itrlfug©l pump,
hfivlaur an iaipelXer 10 iachea la diaiaeter, tearings and
seals were ^nodlfled to i^ake the pump operate satlsfac-
torily on gas at twice rated speed. Power was furnished
by a three i^ase, 3<^00 rpm., two horsepower electric motor,
retails of the ion transport tube aiay be seen from
Figure 3» Figure I4. is a photograph of title entire appa-
ratus*
Equipment for evaluating the dlffuaion due co tur-
bulence alone consisted of e transparent tub© which was
mounted on the settling chamber in place of the ion trans-
port tube* Flasks containing hydrochloric acid and aa-
aoniuffi hydroxide were connected to the air inlet and to
tne center electrode respectively. Ihese flnsks wore
connected to a nitrogen bottle through a re^^ulator*
Fro c©dure


















Fig, t|.. Experimental Apparatus
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was d«ter!nined b>' first ragul&ting the pr'^saure to the
deaired value, then rEialiig tne ionizer voltage until a
total currant (Ij) from Uie aoedlia to the cyliiider wa«
Indicated on voltmeter A« (Fig* 2), Tata current was
held constant in a given aeries of runs, The blower
waa then etarteci, &ad, when fulx £tpet;d was re&ched« volt-
meter c was retid, Ihia ^^eve the total chiirginf/ current, I*
Ges v6iOcity w&s determined in advance by calibration
of the blower,
Iho effect of velocity on chjirglng current was de»
termined using air from the building air supply, Iha
blower wea not usod, but instead the ion tranaport asse-Tibly
W8S connected to the compressed eir line. Velocity and
pressure were controlled bj manipulating inlet and outlet
valves, bevorel runs were made at different trensport
distances.
Variation of current with tranaport di eta ace was ob*
tained from a cross-plot of the previous runs. At short
distances tha leakage currant due to the diff&rt^'^ce in
potealial betwet^n needle and eollectcr tube» vst^s ^pi^rociable*
Ihla current was measured undtir coudltions of no gas I'low
and subtracted from the total current measured with flow,
Temperatures were not recorded, slrice it was d eter-
iBlned by several meaaurejnenta thet no appreciable dovia-
ivr
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tlon from the conatsnt room t»iap«rfttur« of 70*^ F, occunnNi
during any snin* When prasRur* was lacreased, the t«tnporft»
tur© Increased, du© to tft® adi&bi»tlc compresalon of th©
gas Eir©fedy in th© system. As th© siotor wfeg started, Uie
t»aipt»rature w>uid drop for an Inataat as the new cool ^a*
psased the thermocouple, but ho«it timoafer from the ep-
peratus quickl;jf brought the te^-ape ret tare bacii to asibient
as fcne g&s velocity lrior8«8«d.
The turbulence teat teas run on the shop air supply*
Kitrogon prossura was set at about 10 psie, Ihe nitrogen
earried the hjdirog,@n chloride Into the airstreara vie a
hole drilled In the settling chamber inlet fiaiige. Simi-
larly the armnonla was carried Into the stream via the
center electrode* Ih© HGX and HB^ reacted on contact to
form
-'^lihCl solid in very sinalX particles, which then dif-
fused to the tube walls under the influence of the tur-
bulence* The cnlorlde deposited on the tube walls \ih&£-&
it struck, the dietance from the tip of the electrode
to the point where the deposit first formed could then
be measured,
Itesults
To deter?iiine the rsriation of charging: current with
gas velocity, inisasure^ents of th*&se two qufontities fe©re
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taken over « i*«ng« of ©loci ties from ebout 25 to 200
rt*/sec,, holding tti& tr&aaport distance. Ionizing voltage
And gas pressure constant* Ihesa runs were repeatod at
transport diat&nces at ,5» 1$ 2, 3, ©ad k inches, Iha
results «r© shown in labie 3 «nd Figure 5* ^fis In ail
these runs was sbop air at two atmospheres pressure,
lonicing potential was 10,000 volts.
fhe variation of charein^- current with pressure vras
deter?5iir*©d at onlj one transport distance, mimely, two
inches. Pressure was varied from on© to 7»7 a tts'iospheres
,
f%fo series of laeasurenients were taken, one at a total
ionizing current of 18 i^iicroamperes and the other at 12
Hiicroamperes, 'ihe gae u«ed in these tests was ctsrbon
dioxide of ordinax"^/ coa&nercial purlt/* ihe data sre
listed in fable k «-3^i^ plotted on Figure 6,
fhe tfcst to determine the turbulent diffusion waa
run usin,;.: air nh a or^^saure of one atmosphere, Ihe
IHMmoniUM chloride began to be deposited at a distance
of 2 i/2 inches tvom the tip of the ceuter electrode,





'/ttrifttioii of Charging Current with 'iransport
Distance aad Oa» Velocity
h(iri.) v{ft«/aec«) n^^) h(ln.) V(ft./30C.) Kvka)
.5 55 1.0 3 ^^3 .11
.5 59 2,1 3 50 .16
.5 61 1.6 3 69 .22
•5 70 1.7 3 90 .31
.5 90 2.8 3 112 *h^
.5 130 4.0 3 150 •67
.5 150 5.a 3 190 .69
.5 205 6.1 i^ }>S .5
l! 21 .6 i^ 56 .10




I 112 2.6 k 136 .37
I li|2 3*0 k l(i2 .59
1 l8iv 3.8 k 210 .78

















Variation of Charging Curreat viith Preaaure













































Ihe data obtained ualng air wor© taken with the spaoa
between the collecting tube and the outer support com-
pletely filled with paraffin, The reaistivit/ of the per-
affin varied between 20 and 100 megohma* Although the re-
sistance v^aa checked before, during, and after each run,
and allowance tmde for It in calculating the values of
ion current, it repi'eaents a possible source of error in
the data. Were it not for the consistency of the points
obtained, the reaulta would be presented with cmch greater
XHiIuctance,
For the testa using CO , the apparatus was ohftng«IK
to the form shown. This change raised the resistances
paralleling both voltmeters to substantially infinite
values, which remained constant thrj<.-?<'nout all these tests.
The input resistance of each voltmeter was datarroined
by using the other, the resistance scale of vfhich had
baan previously calibrated against a 1 per cent precision
resistor of 20 megohms.
The voltage scale of the charging current meter was
calibrated against a flashlight cell which had previously
been compared with a standard cell. Higher voltage ranges
were checked by comparing overlapping values, the volt-
eB
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meter used to measu]r« total current through the lonli!.er
net not oalilratedf but, slace only relative values wt^re
import&^ntf this defect w&a not considoreoi sei'luua.
From the curvoa of Figure 6 it is easily shown that
the oh&rgln^'i curreat varies not with ths aquar© of Uie ^aa
1 l8
velocity', but more nearly as * • Iho luoat obvious cause
of the discrepancy would be the turbulence of the stream*
However, wfer© tills ths corrfcCt explKnatlon, w© would expect
the d€)vi*itlnn froia the v^ of the formula to be gr^^eter at
hlg:her i:ayriold»s riuubara. Comparlog with the results
presented by ?loraau-llanot, which were obtained at values
of H»8. four or five times that of the present woi'ii, we
find the devisitioa there smaller Instead of greater*
Moreau«-hauoi do^s not report the coiidltions at the
•ntrance to the tube, so it is not possible to coiaptire
tlie relative growth of fooundar/ layers in the two pieces
of apparatus.
It is possible to obtain sorae iadicaclon of th© effect
of tub© site by comp&rlng run 2 of >1oreau«Ii&not with data
taken in th© present ©xperlmonts, ueducinc; the former
data to the units ua©d here, we have
h = 2.95 in,
n s .985 in.
V a 111 ft./sec.

za
P « 1 St."!,
FroM Figures 5 «^nd 6 w« obtain
h « 3 in,
I? » .39 in,
V = ill rt./aec.
I «
.liij. Ilia,
P 2 2 atm,
Cowputlng ths current w© would (sxpect with a r&di'As of
.9B5 inches on th# b&aia of tna»« data, corisidsx'ing t;iO
carreiit to vary with ta© »qu&p» or the r?^dius as ladlcRtod
far hij|h v«lu©s of ^- we .et
R




If we cosiput« the curroat we would expect for low values
of ii, we ^.'et
1*1
1 (?)
= *44 X 1/2 X -i^ = 3.5 ll a.
W© see that the ©xpertmeat&l value of 2.2 W.a. lies be-
tween the two c&icuiated values, aa would be expected.
The effect of gas pressure on charging current siiows
.a
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rwBArkably close agreement with theor/. The v&rlatlon In
botii C&363 is linear, ihe effect of changin^i, the total
ionizing current is «3sentiail>' to introduce a multiplying
factor.
Ihe effect of ioaiaing conditions and geometry has
been studied only briefly, but it will be noted that a
variation in total ion current causes the charging current
to change by a factor which is essentially e constant for
a given total ion current (Figure 6)* Ihe analysis does
not predict that the charging current will vary at all
with total ioniser current, i.e., with ionizer voltage.
The theory was developed on the basis that all ions were
formed at th© needle point and thereafter inoved through
the carrying gas only by th© influence of their mutual
repulsion. It is obvious that this is not precisely th«
true picture, for a strong field is necessary to create
the ions, 'ihis field will cause some radial motion of
the ions before they move far enough down the tube to b«
essentially free from this ionizing field.
A possible explanation of ttxe effect of the higher
total ion current may be the following: a higher total
current between needle and cylinder means a higher spaca
charge In the enclosed volume. This space charge lowers




cylinder, lh& ions will thus move mor© alowly in th©
dftrly part of th^Xr biafcory whea the current is hlg^.
Ttila will p©r:75it th&m to be "freed" frow the loniziris field
while closer to th© axis of the tube. Thus they can be
carried further down the tube before striking the walla,
or 8 greater charge oould be carried tne s&me distance,
Ihe simplified theory alao predicts that the current
transported will remiiin coastant with distarie© uatil a
cert&ia crltic&i distance la remched, at which point the
current will drop to zero, i> cross plot of the data of
Figure 5» taken at a velocity of 100 ft^/eec, is shown
in i''lgare 7, I'his graph shows the current to Vb,rj in-
veraelj with the diat&nce in a rsither coatinuous rushion*
Apparently the ions &re either formed at different dis-
taneea from the needle point or tney move at different
veiocitiea after leaving the point, or tJOth# %h» letter
preaumption is reasonable, since in the region of the
brush discharge the field v^ariea discontlmxously in a
r&ndosi feshioa and the effect of turbulence also would be
to eneoarag* a random scattering of the ioiia,
these commeats on the effect of totssl ion current
are essentially speculative, More investigetlon and ariftl-
l^ais is required before a.a adequate explanation cen be












FfG, 7. Variation of Charging
Current with Transport Distance
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Ionizer geometry, Although definite effects were noted,
the results were quanltatlveiy inconclusive. More study
In this area is needed also.
Correlating theory and experiment as best as we can
at present we arrive at the forviuXa
I 2 3*27 X 10"^ u^*^^ R^ ^ ,
^o^ vr o
idiere X is in microamperes » u is in ft./sec., H and h are
In feet and k^ is in (ft,/sec.)/( volt/ft. ) • Xhe constant
has been adjusted to fit the experimental data most closely
for h « 2 inches and I^ « 12 Ml a. This relation holds
Most closely for large values of h/H« l*'or cases where h/R
is small, the relation will be more nearly
^o^ 9o
If we wish large currents, it is apparent fronj the
above expressions that we must have a high gas density and
low transport distance, A large tube size is even more
important*
In general, an increase in tube siae means an increase
in power required. The volume rate of flow at constant
velocity will increase with the square of the tube radius,
and the friction drop will probably not decrease so rapidly.
I**urther analysis may show some advantage in using a
concentric arrangement for charging and return paths, with
«B^
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the return path on the inside. Since the radial velocities
of the I0113 are smaller at larger values of R, we would
expect some gain la chargias current even if the width of
the charging annuXas were no greater than the radius of a
ainglo tube of the 3a,!ie area*
It Is possible tiiat power requirements for the gaseous
ion charging system will prove excessive* Undoubtedly it
will be necessar;^ to hold the pressure drop through the
circuit to an absolute minimum in any specific design*

ACONCLOSIOMS
On the b&sis of th« Investigations made, w« may draw
tho following conclusions
t
(1) If tho «»xpurimeatal ionizing conditions are
duplicated, the relationship between current , tube radius
«
ion mobility f gas density, velocity and transport distane*
for a gaseous ion chargin,^^ system may be represented, for
high values of h/R, by the following equation:
I = 3.27 X 10-^ vi:iij£ j^ ,
^^ ^o
^^ero V Is In ft ./sec, H and h are In feet, k is in
o
(ft,/s8C«)/( valt/ft,), and I Is in mioroiaapsros, For low
values of h/K the equation becomes
^o^ ^o
(2) The radius of the Ion tube should bo laade as
large as geonjeferlc (^nd structural considerations persilt*
(3) Power consumption is likely to be high. Care
should be taken in ar^ specific design to minimize
pressure losses in the charginji^ circuit.
ik) tho gaseous ion system mlgtit prove usel'ul where
high currents and lon^ life at low sialntenanoe are desired.
The transport msdiiua should requlro no servicing wliatso-




(5) Further tests ar© required to determine the
influence of ionizer geometry end operating condition*.
(6) Further teats would be desirable to determine
the effect of raa density up to perhaps 500 pounds per
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